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2 (57) Abstract: In a single crystal puUing apparatus fur providing a C^ochralski crystal growth process, the impiuvemeni ofa shallow 
^ melt crucible (20) to eliminate the necessity supplying a large quantity of feed stock materials that had to be preloaded in a deep 
^2 crucible to grow a large ingot, comprising a gas tight container a crucible with a deepened periphery (25) to prevent snapping of a 
shallow melt and reduce turbulent melt convection; source supply means for adding source material to the semiconductor melt; a 
double barrier (23) to minimize heat transCer between the deepened peiipheiy (25) and the shallow melt in the growth compartment; 
^ offset boles (24) in the double barrier (23) to increase melt travel length between the deepened periphery (25) and the shallow growth 
^ compartment; and die intcrfiscc hcatcr/hcat sink (22) to control the intci&cc shape and ciysta! growth rate. 
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ShaUow Melt Apparatus for Semicontumous Czochralski Crystal Growth 

CONTRACTUAL ORIGIN OF THE INVENTION 

The United States Government has rights in this invention pursuant to Contract No. DE- 
AC36-99GO-10337 betwe» the United States Department of Qiergy and the Midwest Reseaidi 
Institute. 
Technlcji^ Field 

The present invention relates to growing crystals without encountering the problems 
normally associated with conventional Czochralski crystal growth o£ strong melt convection that 
causes deteriorated crystal quali^ constantly changing thermal conditions; s^regatioxi causing 
non-unifbmuty in dopant concentrations; a slow growfii rate and an uncontrollable inJksrSacQ shape; 
slow turn around between crystal ingots; and significant loss of feedstock materials if a growth run 
fidls. The invention eliminates the foregoing problems Ihrougjh the use of a shallow melt with a 
heat shield and an inter&ce heater-heat sink to overcome microdefects, stress manag^ent and 
defect nodnimization, swift turnaround betwero crystal in^ts, and the saving of feedstock materials 
1farou£^ the use of a double barrier that offiets connecting holes for rq>lenishing the melt 
Background Art 

Affecting crystal growtti using the conventional Czochralski (CZ) process has been 
a<yonip1i<?hft^ iitiliTring a pnlHfig qiparatua employing the CZ techniqiie comprising: Agastype 
chamber a crucible for storing a semiconductor melt that is positioned inside the chamber, a 
heata: for heating the ssniconductor melt; and a pulling mechanism for pulling a single crystal of 
the semiconductor. With this apparatus, a seed crystal of the single crystal of the semiconductor is 
immersed in the semiconductGr melt inside the crucible, whereupon the seed oystal is gradually 
pulled upwards, ths*eby growing a large diameter singile ciystal of the semiconductor having the 
same oriratation as the seed oystaL 

As the Czochralski method evolved as the prevalent one for the operation of pulling a 
silicon single crystal, a metEod of the version adopted b, doubl&^wall crucible formed by 
disposing a cyUndrical partition wall in an outer crucible to operate the crucible by supplying 
solid or fused silicon as a raw material, either batch wise or contimiously, into the crucible 
through a gap between the inner surface of the outer crucible and the outer sur&ce of the 
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cylindrical pardtion wall and pulling a silicon single crystal £com the molten mass of silicon in the 
cylindrical partftion wall. 

U.S. Patoit 5,871,581 discloses a single crystal pulling appdidtus conqpiising: 
a gas tight container, 

a double crucible for storing a semiconductDr melt inside fhe gas ti^t container, 
ttie double crucible including an outer crucible and an inner crucible connected at a lowor edge; 

source material siq)ply means, diq>os6d between the outer crucible and the inner 
crucible, for continuously adding source material to the semiconductor melt; and 

a flow restriction member, disposed inside the semiconductor melt region between 
the outer crucible and the inner crucible, for restricting the flow of the semiconductor melt 

A crucible for pulling silicon single crystal is disclosed in U.S. Patent 5,720,809. The 
crucible is constmcted by coaxially disposing a cylindrical partition wall inside an outer cracible 
for holding a molten mass of silicon as a raw matmal and operated by heating the outer crucible 
and meanwhile supplying the raw material silicon to the gap between the outer crucible and the 
cylindrical partition wall and introducing the consequently produced molten mass of silicon into 
the interior of the cylindrical partition wall via a passage below the surface of the molten mass 
interconnecting the out^ crucible and the inside of the cylindrical partition wall and meanwhile 
pulling the single crystal bar from the molten mass of silicon inside the cylindrical partition wall, 
which double-wall crucible is characterized in that at least the c)iindrical partition wall is formed 
of quartz glass having a hydroxyl group (OH group) content of not more than 30 ppm. 

There is a need in Hie art of crystal growth utilizing the Czochralski method to avoid the 
problems of: (1) strong melt convection leading to deteriorated crystal quality (high oxygen 
content when a silica crudble is commonly used, and increased microdefects); 2) constantly 
changing thermal conditions even with synchronized crucible lift; (3) segregation caused non- 
uniformity in dopant concentrations; (4) a slow growth rate productivity) and a generally 
incontcoUable inter&ce shape (for stress management and defect minimization); (5) slow tum 
around, between ocystalingots; and (6) a significant l oss o f feedstock n[iatmals if a growth run 
Ms. 
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Disclosure of the Invention 

One object of the present invention is to provide a senucontmuous Czodiralski crystal 
growth from a shallow melt apparatus fliat overcomes the increase of nricrodefects during crystal 
growth. 

Another object of the present invention is to provide a semicontinuous Czochralski method 
of CTystal growth from a shallow melt apparatus that lessens stress management and minimizes 
defects in the crystal growth. 

A fiirther object of the present invention is to provide a semicontinuous Czochralski 
method of crystal growth from a shallow melt apparatus that hastens turn around between crystal 
ingpts. 

A yet further object of the present invention is to provide a semicontinuous Czochralski 
m^od of CTystal growth from a shallow melt qjparatus that saves feed stock materials. 

Another object yet still of the present invention is to provide a semicontinuous Czochralski 
method of CTystal growth from a shallow melt apparatus that of&ets connecting holes for 
tq>lenishing tiie meh; 

In general, the CZ crystal growth m^ods of the invCTition are acconq)lished by the use ofi 
a crucible with a deq)CTied periphery to prevent snappmg (i.e., a suddCTi 
uncoQQliollable motion) of a shallow melt to reduce turbulent melt convection; 

a double barrier to isolate heat in the feeding compartment from the growth 
conq)artmeQt to melt soUd feeding materials and minimize thermal impact to the growing crystal; 

an interfece ftCTiiial gradient control, wherein a shallow melt in the growth 
c oiupaitm ent allows for amuchbettCT thermal gradient control near the intCTface; and 

an inter&ce heater or a heat sink under the growQi compartment, to obtain a 
concave or a convex inter&ce sbape. 
Brief Description of Drawings 

FIG.l sli0wsthe£^aratus(inchidiiigCTUcible)fbraconveritionalCZCT^ 

process . .. . — — 

FIG. 2 dqncts appara t u s of the invention fi)r providing ssnioontinnous CZ CTystal growfli 
from a shallow melt 

FIG. 3 shows the mett motion whCTc the intCTficeeneargy is larger than &esur&ceeiiear^ 
(i.e., non-wetting CTUcible» d > 90 degrees), ^ere the mdt will tend to ball-iq). 
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FIG. 4 depicts the asymmelric melt that ensues when both melt snr&ce energy and the 
interface energy are very high compared to gravity potential energy. 

FIG. 5 depicts a melt stabili2^fiom a round or rectangular crudblew 
periphery traps the melt around the edge and prevents snapping. 

FIG. 6 depicts a top view of the growth dq)aitment in a round double barrier crucible for 
semiconductor ingot growth where melt coimecting holes are utilized outside of the growth 
compartment but inside of the feed compartment 

FIG. 7 depicts a side view of a rectangular double-barrier crucible for a sheet or ribbon- 
shaped crystal growth and shows the melt coimecting holes outside of the growth compartment but 
inside of the feed compartment. 
Detailed Description of Preferred Embodiments 

In the sOTicontinuous Czochralski crystal growth from a shallow melt of the invention, tiie 
essential elements of the crucible comprises a crucible with a deepened periphery to prevent 
sn£5>ping of a shallow melt, and has a double barrier to isolate heat in the feeding compartment 
ftom that in the growtii compartment, and further contains an inter&ce thermal gradient controL 

The mvention will be better understood and the objects and features thereof apparent by 
reference to the drawing figures, compared to a conventional CZ crystal growtii process utiliznig a 
different crucible constructLoru 

In this connection, reference is now made to FIG. 1 which shows a conventional CZ 
crystal growth ^aratus and a melt crucible 10, as used tiierein. In this conventional process, a 
large quantity of feed stock naaterials must be preloaded in the deep crucible or melt crucible to 
grow a large ingot. This unfortunately causes problems such as, strong melt convection leading to 
deteriorated crystal quality (big^ oxygen content when a siUca crucible is used and increased 
microde&cts), constantly changing thermal conditions even with synchronized crucible, lift, 
segr^ation caused by non-uniformity in the dopant concentrations; a slow growth rate 
(productivity) and a generally incontroUable interfuse sh2^ (for str^ 
minimization), slow turn around between crystal ingots, and a significant loss of feed stock 
materials if a growth run fidls. 

On the other hand, and by contrast, smiicontinuous CZ crystal growth ftom a shallow melt 
of die invention, as depicted in the apparatu s of FIG. 2 presrats solutions to each of the foregoing 
problems. As can be seen fixnn FIG. 2, the invention apparatus features a shallow melt crucible 20 
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FIG. 4 dqpicts the asymm^c melt fhat ensues when both mett sur&ce energy and the 
mter&ce energy are very high compared to gravity potential energy. 

FIG. 5 depicts a melt stabilized fiom a round or rectangular <^ucible wbm a deepened 
peripheiy trq>s the melt around the edge and prevCTis snsqpping. 

FIG. 6 dqpicts a top view of the growth dqiartment in a round double barrier crucible for 
semiconductor ingot growth where melt connecting holes are utilized outside of the growth 
compartment but inside of the feed compartment 

FIG. 7 depicts a side view of a rectangular double-barrier crucible for a sheet or ribbon- 
sh^ed ciystal growth and shows the melt coimecting holes outside of the growth compartment but 
inside of the feed compartment 
Detailed Description of Preferred F mhodimgnts 

In the sOTicontinuous Czochralski crystal growth from a shallow melt of the invention, the 
essentia] elaneats of the crucible conqmses a crucible with a deepened periphery to prevent 
snapping of a shallow melt, and has a double barrier to isolate heat in the feeding compartment 
fiom that in the growth conq)artmOTt, and fiuiher contaiiis an interf^ 

The invMition will be better understood and the objects and features thereof parent by 
reference to the drawing figures, compared to a conventional CZ crystal growth process u tiliz i ng a 
different crucible constructioiL 

In this connection, reference is now made to FIG. 1 which shows a conventional CZ 
crystal growth q)paratus and a melt crucible 1 0, as used tiiCTein. In this conventional process, a 
large quantity of feed stock materials must be prdoaded in the deep crucible or melt crucible to 
grow a large ingot This unfortunately causes problems such as, strong melt convection leading to 
deteriorated o^stal quality (hi^ oxygen content when a silica crucible is used and increased 
microdefects), constantly changing thermal conditions even with syndnonized crucible lift, 
segregation caused by non-uniformity in the dopant concentrations; a slow growth rate 
(productivity) and a generally incontroUable interfiice sh^ (for stress managonent and defect 
mhumization), slow, turn around between crystal ingots, and a significant. Iqss of feed stodk: 
materials if a growth run fidls. 

On die oflier hand, and by contrast, semicontimious CZ oiystal growth fiom a shallow melt 
of the invention, as depicted m the app a r a t u s of FIG. 2 presents solutions to each of the foregoing 
problems. As can be seen fiom FIG. 2, the invention apparatus features a shallow melt crudble 20 
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(particularly in the region immediately under the crystal/liquid interfiice) with an insulation or 
heat shield 21 and an interfiice heater/heat sink 22, and Ihese features overcame the problems of: 
strong melt convection leading to deteriorated crystal quality; a slow growth rate and a generally 
incontrollable interfile shape; slow turnaround between crystal ingots and a significant loss of 
feed stock materials if a growtti run fails. The double barrier 23 wilh off setting connecting holes 
24 for replenishing the melt eliminates the problem of constantly changing thermal conditions evai 
with synchronized crucible lift and segregation cost non-unifbrmity in dopant concentrations. 
Further, a deepened periphery 25 in the cmdble prevents the shallow melt from snapping and 
additionally acts as a feed compartment 

One aspect of the invention discovery is that a crucible with a deepened periphery 
prevents snapping of a shallow melt 

A shallow melt is needed to reduce turbulent melt convection. Turbulence is related to the 
Grashof number 

G, = gpL^ AT buoyancy force 

viscous force 

Where g is the gravity, p is the thranal expansion coc&dwt of sihcon melt, L is tiie melt 
height, AT is the vertical tmq^erature difference in the melt, v is the dynamic viscosity of sihcon 
meh. 

However a shallow melt tends to ball up. The melt/gas and melt/crucible interface have 
aergy contents proportional to their areas. Therefore, the melt shrinks to minimize energy. The 
energy pCT unit area can also be regarded as a surface/inter&ce tfflsion, or force per unit length. 
The total free enofgy of the mett may be defined as follows: 

&= Ikj |Ai + Jpgdz + JPdV (V=HX)nstant, P(z) = pg (Zo-z) + + Y(l/ri + Ih^ cos 8) 
where Oj is the surfiice energies (melt/crucible int^ace and fiee sur&ce) per unit area, Aj is the 
area of the sur&ces, p is the melt deiisity,P is the internal pressure in die melt, z is the vertical 
coordinate, Zo is.vertical rrferaoce position, Pp is a reference pressure, y is die surfice t^ision of 
the melt, ri and 12 are the two nominal radii of the melt surface curvature, and 6 is the angle 
between ttie tan^t of the melt edge and flie oucible wall on the melt side. 

If the interfiice mergy is larger tiban melt sur&ce enecgy (ie.» non-wetting cracible, 6 > 
90^, the melt will tend to ban iq> until the surfiiceyinter&ce area and radius reductions are balanced 
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balanced by gravity potential gains, whicli will lead to sepaiation of the shallow melt fiom flie 
side walls of the crucible. This causes an unstable melt, and the melt motion MM is depicted in 
die direction of tiie arrows in FIG. 3. 

If both melt sur&ce energy and inter&ce en^gy are very high compared to the gravity 
potential energy, the melt noay retreat &om one side and travel to the other side of the crucible, 
causing undesired asymmetry in the melt shape and temperature distributioiL Both situatuations are 
called melt snqqring. The asymmetric melt is depicted in FIG. 4. 

By the use of a crucible design that has a deepened periphery, snapping of melt is 
prevented even thou^ a shallow melt is still formed in ttie crystal growdi region, as illustrated by 
the melt stabilized in FIG. 5. Once the melt edge reaches the baseline of the crucible center, any 
additional melt balling up will be diflScutt because the gravity potential gain would be greater (E= 
SojAi + Jp^ + JPdV). 

From FIG. 5, it can be seen that a round or rectangular crucible with a deepCTied pCTiphay 
traps the melt around the edge, and thereby prevents snapping. 

A double barrier is used to isolate heat in the feeding compartment bom that in the growth 
compartment, and as a result of this configuration, the over heated feed compartment functions to 
melt sohd feeding materials and minimizes thermal impact to the growing crystal. 

The heat transfer is comprised of: 

Conduction « -k A-T . 

Radiation « -o (ciT,* - eTa^) 
and 

Melt flow «- Cpp (TrTj) V/L 

Wh^e k is the thermal conductivity, T is t^npaature, o is the Stefen-Boltzmaim constant, 
6 is the emisivity, Cp is the heat capacity of silicon melt, p is the silicon melt density, V is the 
amount of sihcon meh being transfkred, and L is the Imgth of melt travel. 

The double barrier (with of&etting connecting holes) crucible serves to: 
Reduce.7r; . . , - 

bcreaseX to minimize convective transfer and to eliminate the short path of thermally 
conductive mel^ and 

Reduce radiative heat transf^ with opaque barriers. 
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In a primaiy embodiment of the invCTtion, a round double barrier crucible is utilized for 
semiconductor ingot growth. Atop view of a round double barrier aiicible is dqpicted in FIG 6, 
and shows the growth compartment GC, melt connecting holes MCH, and the feed compartment 
FC. 

5 In another embodiment of the invention, a round double barrier crucible is utilized for 

semiconductor ingot growth. A top view of a round double barrier micible is dq>icted in FIG. 6, 
and shows the growth compartment GC, melt connecting holes MCH, and flie feed compartment 
FC. 

♦ In yet another embodiment of the invention, a rectangular double-barrier crucible is utilized 
3 for sheet or ribbon-sh^)ed crystal growth. The rectangular double-barrier crucible is shown in 
FIG. 7. 

Finally, the double barrio crucible of the invention utilizes an interface thermal gradient 
control in that the shallow melt in the growth compartment operates as a diermal gradient control 
and allows for a much better thomal gradient control near the interface. By using an inter&ce 
5 heater or a heat sink und^ the growth compartment as shown in FIG. 2, a concave or convex 
interface shape may be obtained 

In a simplified one dimensional case, the crystal growth rate v is determined by the vertical 
thmnal gradients in the crystal and in the melt near die interface: 

K,(dT/dz).-Ki(dT/dz)i=LatentHeat*v/Aiea 
0 Therefore, an increase in flie crystal growtii rate maybe obtained with the combination of a 

heat shield employed on top of the feeding compartment and an inter&ce heat sink or heat^ under 
the growth compartment The shallow melt allows close proximity between this interfece heat 
sink/heat source and the solid/hquid inter&ce, thus affording easier control of heat transport 
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1 . Iq a single ciystal pulling ^aratus for providing a Czochralsid crystal growth process, 
the inqyrovement of a shallow melt crucible to eliminate the necessity of supplying a large quantity 
of feed stock materials that had to be preloaded in a deep crucible to grow a large ingot, 
comprising: 

a) a gas tight container, 

b) a (^ucible with a deepened periphery to prevent snapping of a shaUow melt and reduce 
turbulent melt convection; and 

c) source supply means for adding source material to the semiconductor melt 

2. The ^aratus of claim 1 wherein said crucible further conq)rises a double bairira^ with 
offsetting pass-tbrou^ or passage holes to thermally isolate the feed compartment &om the growth 
compartment 

3. The apparatus of claim 2 wherein a heat shield is disposed on top of said Jfeed 
compaitment 

4. The apparatus of claim 3 wherein an interface heater is disposed imder said crucible. 

5. The ^aratus of claim 3 Mv^erein a heat sink is disposed mder said crucible. 

6. The apparatus of claim 2 wherein said crucible is round or drcular in shq)e. 

7. The qjparatus of claim 2 wherein said crodble is rectangular in sh^. 

8. The apparatus of claim 6 wherein a heat shield is disposed on top of said heat 
compartm^t 

9. The apparatus of claim 7 wherein a heat shield is disposed on top of said heat 
compartment 

10. The qjparatus of claim 8 wherein an interface heater is di^sed under said growth 
compartmrait 

11. The ^aratus of claim 8 where a heat sink is disposed under said growth compartment 

12. The q>paratusofclaim 9 wfaarem an inter&ce heater is disposed uiidCT 

ROTn jiflT^TTignt - ^ . , 

13. The qyparatus of claim 9 wfaerem aheat sink is disposed und^ said growfli compartment 

14. The a^aratus of claim 2 i^^erein said passage holes are near the bottom of said double 
barrier. 
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15. The apparatus of claim 14 wherem aheat shield is disposed on top of said feed 
compartment. 

16. Hie qyparatDs of claim IS wherein an intec£u:e heater is disposed under said growth 
compartment 

17. The apparatus of claim 15 wfaoein a heat sink is disposed nnder said growth compailmeut 

18. Hie ^paratus of claim 14 wherein said crucible is round or circular in shape. 

19. The apparatus of claim 14 wherein said crucible is rectangular in shq>e. 
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AMENDED CLAIMS 

[Received by the international Bureau on 06 June 2002 (06.06.02): 
original claims 1-19 replaced by amended claims 1-19] 

1. l0 a single crysialimlliiigqn'^raaisfei^^ 
process^ tfie i]i9ioyaoem of a diaQ^ 
5 oatsideofagiowfec oj a qia it m cntto 
of supplying a large qoanthy of fi^ 
cnidbte to grow a sm^e ingest, coo^risiQ^ 

a) agasti^contantffr; 

b) acnidbtewiAadeepoiedpfflidie^ 
10 lediicetioliideiitindtcQuvectiQi^ 

c) a dcvblebamo: to isolme heat in the feeding coii^ar^ 
ooxnpann«K lo mdr solid feeding nffitec^ 

growth crystal; 

d) aaiziteifecelhfimial gradient contzolyfi^^ 

15 coiiq)attmenc allows for bect^ diennal gradient control near an interiSice; and 

e) an imo&Ge heaia or heat sink under die growdi coinpanment, lo provide a 
concave or coxrvex ihle^'face dtsspci 

2. The q>paxBtus of daizn I "v^ieran said doddc bamer ooniqffises of&etiing 
pess-ifaiou^ or passage holes to thetmaDy isolate tihe feed compaitmeta flom the growdi 

20 cooq^anxnent. 

3. The appaxatos of claim 2 wherein a heat shield is di^^^ 

4. The apparatus of chdm 3 ixlierein an iniexfioe heater is disposed tmder said 
growth cxmipaTtTnenT 

25 5. The qppazatnaofclahn 3 whenk said heat afaik is disposed tittd^ 

cuiupanment* 

- 6. Theq^Maatnsof-cIaim2wheKjnsaid€iii^ 
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7. The^iiMaanisof dabu 2 i^diezdii said mdbie is loundor dnnilarin diapc, 

8. The sppamms <tf daim 6 wdieidii said liieat shield is disposed oa top of mi 



9. Hie q^patatus of claim 7 inliexiem a heat shield is disposed oa top of said heat 

5 CQOQiQpattQSiCflt* 

10. The qspaiatus of claims wheim an iidet^ 
giowdi oouipiif uuent. 

11. The a^mimns of daim 8 where a heat sUk is disposed tuder said gniwdi 
compartment 

10 12. Theq[)paratasofclaim9wfaereiiianiii^^ 

giowili coiupaftiuauL 

13. The wpgemm of claim 9 vlieieia a hear sdnk is disposed under said growih 
cQinpaiimesiL 

14. The iQipsDatiis of clsm 2 wheieia said passage holes axe near the bottom of 
15 said double hacrier. 

15. lliea[ppaiatiisofdaiml4iivlKismaheattdhid^ 
oompartmeot. 

16. The q^parstus of clatan 15 whmin an taitorfiioe heater is disposed voider said 
giowdi ixmipHitmepL 

20 17. lheq)pnatiisofdaimlS wbemnabeatsinki^ 

oonQtettmenL 

18. The apparatus of dahn 14 whetrin said cnidble is lectasi^^ 

19. Theappuaiuaofdaim MwhendnsaidcznunideisioimdQreQC^ 



25 
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The Xotensotioiial Seazcli Report a 
or cannot be ccuffiidaed id inval¥e m inveniive siep when docomemsUS S89124S Aor 
US5871S81 A atetatenalane. 

1) j^iidicaittiespectCbnydisagKesi^ 
case of IIS S89124S A, it is apparent ibat aus rel^^ 

CTyaal pillifig qppflfMia far pgadndng a aing^ a^wtal of a senrioomhictor qsing a conliiriiOttS 
fieU^^HcatiQa CZ tccbnigiie. Tlie agipaiataa ccoqprises a dooUe crucible 3 
a beaicr 4 and a sooice nrnterial aqi^ 

app a iatns. The double crucible ooiqpri&cs a h gim ft ph e ri ca l qyartz oater erociblc 11 and an 
insor ornciUe of qoanz i^vhidi is a p8ttiti<m fit^ 

qiertures connect inner cmcible 12iDdieoiil]ercnicibIellfD(mialowerpordon 
cfAeimeraodble. 

Tbedoublecmdbleisxnountedonasnsceptor ISthatsitsonaveztical shaft 14 
located centrally at die lower p<»noa of die danfl^ 
plane about the axis of the shaft 

O^ify, the ^^raiatDS of U.S. Pattnt S39i;24S A iises a con^^ 
plication and lacks asphcaat's fqppanuus Cannes or demema b) 4) ande). 

AccoxxUngly, claims 1-19» e^iedaBy as aiwmdfd^ woold not be preclpdcd from 
pa]eniafai% because are novd and ctea^ 
doe to fte fiM Am die cnidUe m Ais docnmenr lada api^^ 

2) Pocoment US5871581 A disclose a rin|^ dystd pulling qipaxatus iar 
porodacfaig a ciysttl of a sennocmdoctor using a 0^ 

^[filicatiQnCZ tachmque, and in particular uses a cooaiiiBioas crystal poUinig apparatus 
wherciQ die influmce exerted by die iotrodnctiQii of additioi^ source maierial is reduced. 
TIk ^paratus oooQKises: 

a gas tight cantainar; 

a doable cnidbk for scoring a senucondactor mdt inside the ^ 
double crucible inctuxlij^ an ouiercmcible and an inner cmdble connected at a lower edge; 

source material suppb^ means, disposed between the outer crocible and die inner 
crucible, fiar comixmously achiing source inaiedal to die seuiiconductDr melt; and 

a flow ^oiciionmeodser, disposed hisi^ 
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a flow festricttan mexnber, di^osed inside die seadccmduaDr melt zegion between the 
outer crucible and the inner cruobte, for lestncting ^ fl ow of tfie seauoonducior melL 

However, tfae seppaasas of US5871581 A, wUch is disclosed in aiiplicant's 
specification, cleady lacks dements (b), (d) and (e), as sei forth in ^yplxcant* s dahns, es 

flinrndftd 

TheDefbie, it is mamfiestly clear that claims 1-19, especially as amended, aie novd 
and do in fiun involved an inventive seep over the disdosace in US Paiem S 37 1,38 1 A. 
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